We study sufficient conditions for existence of solutions to the coupled systems of higher order hybrid fractional differential equations with three-point boundary conditions. For this motive, we apply the coupled fixed point theorem of Krasnoselskii type to form adequate conditions for existence of solutions to the proposed system. We finish the paper with suitable illustrative example.
Introduction
Fractional calculus is found to be more practical and effective than the classical calculus in the mathematical modeling of several phenomena. Fractional differential equations are very important and significant part of the mathematics and have various applications in viscoelasticity, electroanalytical chemistry, and many physical problems [1] [2] [3] [4] [5] [6] . A systematic presentation of the applications of fractional differential equations can be found in the book of Balachandran and Park [7] . In recent years, many works have been devoted to the study of the mathematical aspects of fractional order differential equations [8] [9] [10] [11] [12] . There are numerous advanced and efficient methods, which have been focusing on the existence of solution to fractional differential equations. One of the powerful tools for obtaining the existence of solutions to such equations is the fixed point methods. Many authors use fixed point theorems to prove the existence and uniqueness of solution to nonlinear fractional differential equations; see, for example, [13] [14] [15] [16] [17] .
On the other hand, the study for coupled systems of fractional differential equations is also important as such systems occur in various problems of applied nature, for instance, [18] [19] [20] [21] [22] [23] [24] [25] . Additionally, fixed point theory can be used to develop the existence theory for the coupled systems of fractional hybrid differential equations [13, 16, 17] . Bashiri et al. [17] discussed the existence of solution to the following system of fractional hybrid differential equations of order ∈ (0, 1): 
where > 0, and the functions : [0, ] × R → R, (0, 0) = 0 and : [0, ] × R × R → R satisfy certain conditions. is the R-L fractional derivative of order . Recently, the existence of solutions for fractional differential equations involving the Caputo fractional derivative was studied in [13, [26] [27] [28] . Motivated by the work of Bashiri et al. [17] , in this paper we are concerned with the existence of solutions to three-point boundary value problem for a 2 Discrete Dynamics in Nature and Society coupled system of hybrid fractional differential equations of order ∈ [ − 1, ) given by
a.e. ∈ [0, 1] ,
where
is the Caputo fractional derivative of order . Moreover, an example is given to illustrate the validity of the existence result. (ii) the map → ( , , ) is continuous for each ∈ R, (iii) the map → ( , , ) is continuous for each ∈ R.
Preliminaries
We need the following definitions which can be found in [9] .
provided that the right side is pointwise defined on (0, ∞).
Definition 2.
Let be a positive real number, such that −1 ≤ < , ∈ N, and ( ) exists, a function of class . Then Caputo fractional derivative of is defined as
provided that the right side is pointwise defined on (0, ∞), where = [ ] + 1 and [ ] represents the integer part of .
Definition 3 (see [29] ). The mapping : × → has a coupled fixed point ( , ) ∈ × if ( , ) = and ( , ) = .
Theorem 4 (see [17] 
for some constant > 0,
( 2 ) is completely continuous,
Then the operator ( , ) = + has at least a coupled fixed point iñwhenever < 1.
. (12) Proof. Applying the operator on the first equation of system (2) and using Lemma 5, we obtain
Applying the initial conditions ( ) (0) = 0, for = 1, 2, 3, . . . , ( −2), we conclude that 1 = 2 = ⋅ ⋅ ⋅ = −2 = 0. Therefore (13) becomes
Now, to find the values of 0 and −1 , since (0) = 1 ( 1 ), from (14) we have
+ 0
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Also, since (1) = 2 ( 2 ), from (14), we have
Solving (15) and (16) for 0 , we get
}
and using (7), we can write
Similarly, solving (15) and (16) and using (7), we obtained that
Substituting the values of 0 and 1 in (14), we can write
which implies that
Similarly, repeating the above process with the second equation of system (2), we obtain integral equation (12) . Now, we are in a position to present the existence theorem for the system (2). 
Clearly is a closed, convex, and bounded subset of the Banach space . Now, since ( ) is a solution of the FHDEs system (2) if and only if ( ) satisfies the system of integral equations in Lemma 6, to show the existence solution of system (2) it is enough to show the existence solution of the integral equations in Lemma 6. For this, define two operators : → and : → by 
.
Then the operators form of system (2) is
We have to show that the operators and satisfy all the conditions of Theorem 4. For this, let , ∈ ; then we have
Taking the supremum over and using (7), we get
Thus satisfies condition ( 1 ) of Theorem 4 with = 1/2 and ( ) = 3 /4( + ) + 2 /4( + 2 ). Next, we show that is compact and continuous operator on . Let { } be a sequence in S such that { } → ∈ . Then for all ∈ [0, 1], we have
Thus the map is continuous on . Let ∈ ; then we have
+ (
Taking the supremum over , we get
Thus is uniformly bounded on . Now, let 1 , 2 ∈ [0, 1] such that 1 ̸ = 2 ; then for any ∈ , we have
− { 2 1 −1 1
Since is uniformly continuous on [0, 1] for − 1 < < , for any > 0 we can find * 1 > 0 such that
Thus ( ) is equicontinuous and hence is completely continuous on .
To prove hypothesis ( 3 ) of Theorem 4, let ∈ and ∈ such that = + ; using (7) and (8), we have Discrete Dynamics in Nature and Society 
That is, ∈ . Thus condition ( 3 ) of Theorem 4 holds. Therefore, all the conditions of Theorem 4 are satisfied; hence the operator ( , ) = + has a coupled fixed point onS. Consequently, system (2) has a solution defined on [0, 1].
To illustrate Theorem 7, we construct the following example.
Example 8. We discuss the following hybrid fractional differential equations with three-point boundary conditions: 
